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Under the freely floating exchange rate regime, it would be appropriate to 
explore exchange market integration or currency interrelationship through the co-
movements of the nominal exchange rates.  But, if governments intervene, the 
exchange rates alone are not the only pressure on the currencies.  This thesis applies 
the exchange market pressure (EMP) methodology to examine the interrelationship 
among eleven Asia Pacific currencies.  Three factors are taken into account to 
construct the EMP index: changes of exchange rate, changes of interest differentials 
and changes of foreign reserves.  Properly weighted to produce the EMP index, these 
three factors can hopefully present a more accurate depiction of pressure on a currency. 
The empirical analysis supports the hypotheses that: (1) economies which are 
economically and/or geographically close to each other tend to face similar exchange 
market pressures; (2) there exists a structural change in the linkages on the currencies 
before and after the Asian Financial Crisis; and (3) the interrelationships of currency 
linkages are not symmetric.  Moreover, the linkages among the currencies have 
increased after the crisis.  In addition, it appears that there has been no relatively 
influential currency in the Asia Pacific.  A key policy implication of this analysis is 
that a more collaborative form of monetary policy would be essential for the Asia 
Pacific currencies to avert future financial and currency disasters and also to break the 
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Chapter 1   Introduction 
The potential for currency crises to spill over to other countries has been a widely 
discussed issue.  The contagion effect was observed during the 1992-3 crisis in the 
European Monetary System and the 1995 Mexican Crisis.  In the 1992-3 crisis, the 
French Franc and the Irish Punt came under attack as a result of the earlier crisis 
experienced by the British Pound and the Italian Lira.  The attack on the French Franc 
threatened to migrate to the other European currencies.  In the 1995 crisis, countries 
such as Argentina and Thailand were subjected to devaluation pressures after the 
Mexican Peso crash.  There are three schools among the many studies that try to 
explain the contagion.  The first school follows Krugman’s monetary model and 
attributes the Asian Financial Crisis to the fundamental financial weaknesses of the 
affected countries.  The second school argues that multiple equilibriums exist in the 
foreign exchange markets and that it is possible that the attacks on currencies are self-
fulfilling wherein an exchange rate swings from one equilibrium to another without the 
accompanying changes in economic fundamentals.  The third school focuses on the 
behavioral effects of market overreaction and herd instincts, arguing that investor 
panic is transmitted from one market to another.  
History, it seems, repeats itself without warning. Soon after the Thailand 
government abandoned its peg to the US Dollar on July 2, 1997, a rapid succession of 
depreciation pressures starting from Thailand struck the neighboring countries of the 
Philippines, Indonesia, Malaysia and Singapore.  The frenzy of speculative selling of 
those currencies spread north to even the Hong Kong Dollar and South Korea Won.  
This has stimulated two philosophical thrusts with one attempting to cast the issue as 
that of rooted problems hidden under the “superficial” prosperity of Asian economies, 
and the other urging closer monetary cooperation among Asian countries to rebuild 
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stability and confidence in their currencies.  During the Asian Financial Crisis, even 
strong currencies of Hong Kong and Singapore were attacked severely.  In many 
commentaries, the contagion effect has been held responsible for the 1997 crisis: the 
Singapore Dollar fell by 14.16%, Malaysia Ringgit by 29.20%, Philippine Peso by 
33.10%, Thai Baht by 44.46%, and Indonesian Rupiah by 70% (Singapore Business 
Times, February 11, 1998) 1  during January 2, 1997 to February 10,1998.   The 
currency devastation led to the collapse of domestic asset markets and properties, 
widespread bank failures, bankruptcies, and a harsh economic downturn.  
The July 1997 meltdown of Asian currencies has renewed the drive for some 
form of monetary stability and cooperation in the region.  At least, one of the urgent 
tasks is to deter future speculative attacks because there are large international funds 
with the potential to cause extensive damage to Asian countries by targeting weak 
currencies, and moving in and out from one market to another.  In this spirit of 
multilateral interventions, Japan signed a series of bilateral swap arrangements with 
Thailand, Malaysia, the Philippine, South Korea and China under the so-called Chiang 
Mai Initiative (CMI). The CMI, which was launched in Chang Mai in May 2002, 
envisaged the signing of a network of bilateral swap arrangements among the three 
Northeast Asian countries (Japan, China and South Korea) and between each of the 
Northeast Asia countries and the ten ASEAN countries. (For a detailed account of the 
CMI, see Ngiam, 2002) 
When the Europeans were unifying their monetary system, the issue of monetary 
integration in Asia became more relevant because of the increasing intra-region trade 
and investments after the 1990’s.  According to theory of optimum currency areas 
(Mundell, 1961), the decision to participate in a monetary union would have to balance 
                                                 
1 The fall in the value of the respective currencies is against the US Dollar during January 2, 1997 to 
February 10, 1998. 2
the costs of relinquishing certain monetary freedom and the benefits of maintaining a 
stronger currency.  If the collapse of one currency could spill over and increase the 
possibility of a contagion, then the other member countries should assist that currency 
to maintain its exchange rate stability, so that the remaining currencies would be 
impervious to any contagious effect.  Intuitively, countries that would face the same or 
similar predicament of exchange rate pressures would be more willing to engage in 
bilateral or multilateral arrangements for mutual benefit. 
In a freely floating exchange rate regime, any shock or pressure capable of 
affecting the exchange rates would be fully transmitted to and absorbed by other 
currencies.  In the context of exchange market integration, it would be sufficient to 
examine nominal exchange rates as has been done in most research.  But, the reality is 
that many currencies are not freely floating and are managed from time to time.  Thus, 
it would be flawed to examine exchange rate behavior without considering the effects 
of government interventions in the currency markets.  Monetary authorities have 
responded through interest rates adjustments and open market operations. When a 
currency is under devaluation pressure, the country can reduce its international 
reserves and/or raise interest rates.  Since exchange rate changes may reflect a 
combination of effects and forces, this thesis uses the exchange market pressure (EMP) 
concept to explore currency linkages.  The EMP index is the weighted average of 
changes in exchange rates, changes in interest rate and changes in the level of foreign 
reserves.  It follows the conceptualization in Girton and Roper (1977) that has 
motivated much research in currencies and exchange markets (see Eichengreen et al., 
1994, 1995; Sachs et al., 1996; Tanner, 2001; Pentecost et al., 2001).   
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When there comes exchange rate, a reference currency is needed. This thesis uses 
US dollar by default as reference currency throughout the analysis. This is due to the 
following reasons: 
a) Exchange rate against US dollar is the focus of the business world and 
the governments here in Asia-Pacific.  
This is mainly due to the dominant influence of US economy in the 
world. As of today, US is still the most important economic power in 
the world. US dollar, by no doubt, is the most commonly accepted 
international currency. For export-oriented Asian economy, US is our 
biggest trading partner from outside of the region. Among various 
international currencies, exchange rate against US dollar is the most 
relevant to the performance of companies and economy in this region. 
Therefore, research basing on exchange rate against US dollar will 
present the most relevant implications to the practical world. And it is 
convenient as a common point of reference. 
 
b) Pressure faced by Asia-Pacific currencies is mainly referring to their 
revaluation pressure against US dollar.  
The object of this thesis is not exchange rate itself. Instead, it focuses 
on the pressure faced by the Asia-Pacific currencies. Asian 
governments are well known in the foreign exchange market as active 
interveners. They adopt various tools to maintain their exchange rates 
against US dollar, among which foreign reserves and interest rate are 
two major measures. Their sizable amount of foreign reserves, which is 
dominant in US dollar, and thus they are always eying the exchange 4
rates against US dollar and ready to take actions at any time. Very often 
their interest rate adjustments are also made in response to US short-
term interest rate changes.   
During the Asian Financial Crisis, exchange rates of Asian currencies 
against US dollar were under serious pressure from speculative attacks. 
The bitter experience taught them what damages can be brought by the 
unfavorable volatility of exchange rates against US dollar.  
After the Asian Financial Crisis, it is consensus in the region that 
exchange rates of Asian currencies against US dollar should be well 
defended against any potential speculative attacks in the future. Various 
actions are taken by governments in this region, such as Malaysia’s re-
pegging to US dollar, various bilateral monetary cooperation 
agreements and the build up of larger amount of US dollar reserves. All 
are targeting at stabilizing the exchange rates against US dollar. 
  
c) In order for the analytical results in this thesis to be comparable with 
those of previous studies, I adopt the convention to use US dollar as 
reference currency.  
Referring to previous studies on foreign exchange markets in Asia (Raj 
and Mbodja 1993 and 1996, Juay, Ng and Ho 2000, and Mckinon 1998), 
they all by default used US dollar as reference currency.  
In addition, referring to previous studies (Girton and Roper 1977, 
Connolly and Dantas 1979, Modeste 1981, Wohar and Lee 1992, Diana 
1995, Tanner Evan 2001) using exchange market pressure (EMP), they 
also used US dollar as reference currency. 5
The rest of this thesis is organized as follows: Chapter 2 reviews the literature on 
monetary unification and on exchange market integration; Chapter 3 explains the 
concept and derivation of the EMP index; Chapter 4 describes the data and conducts 
some basic data analysis; Chapter 5 elaborates on the methodologies used in the study; 
Chapter 6 discusses and summarizes the empirical findings; and Chapter 7 outlines 
some limitations and concludes with the key findings. 
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Chapter 2   Literature Review 
The thesis attempts to examine the linkages among the currency exchange 
markets in the Asia Pacific by evaluating the role of exchange market pressure (EMP). 
This chapter provides the background by reviewing studies on monetary unification 
and cooperation and studies on exchange markets integration, the two broad fields 
which motivates this research. 
 
2.1   Monetary Unification and Cooperation 
The formal launch of the Euro in January 2002 marks the introduction of a major 
currency that would parallel the US Dollar as an international currency.  With this 
common currency, Europe is expected to experience reduced transactions costs and 
zero exchange rate variability.  The logic and benefits of monetary unification, 
especially in Europe, have been widely explored (Girton and Roper 1980; Eichengreen, 
1991, 1992; Eichengreen et al, 1994, 1995; Dibooglu and Horvath, 1997; Thygesen, 
1998).   Much of these studies apply the optimum currency areas (OCA) framework by 
Mundell (1961).  Briefly, the OCA framework states that costs of joining a monetary 
union will be high if union members have asymmetric output shocks.  It is this positive 
European experience which stimulates the idea of monetary unification in Asia.  
In the past decade, Asian economies were known to have experienced close 
market linkages (Loayza, Lopez and Ubide, 1999, Ngiam and Yuen, 2001).  Market 
openness and relaxation of financial controls, combined with improved and advanced 
communications technologies, contribute to the increasing intra-region trade and 
capital flows.  During the early 1990s, when Asian economies were enjoying much 
economic development and prosperity, the issue of monetary cooperation did not seem 
necessary. But the Asian financial crisis that began in 1997 crystallized the realization 7
that monetary cooperation and currency arrangements for the region are an important, 
if not urgent, agenda.  The economic fallouts brought on by speculative attacks on 
some Asian currencies have resulted in calls for multilateral monetary cooperation. 
 On the basis of the correlations of supply and demand shocks in East Asia, 
Bayoumi and Eichengreen (1994) conclude “conditions are more conducive to 
monetary unification in East Asia than in the Americas”.  Loayza, Lopez and Ubide, 
(1999) observe that there are significant short-run and long run co-movements of 
shocks within East Asia that are comparable to those within Europe.  This evidence of 
a high degree of symmetric shocks in the East Asian region provides the rationale for a 
monetary union.  
In contrast, there is empirical research arguing against monetary unification in 
Asia because asymmetric shocks are more prevalent in East Asia than in Europe 
(Chow and Kim, 2000).  This position could be substantiated by the fact that Asian 
economies represent different stages of economic development, diversified cultures, 
and different policy objectives, but the justification for an Asian monetary cooperation 
should not be disregarded simply because symmetric shocks are not the only 
prerequisite. There are other factors such as factor mobility and flexibility of labor 
markets that may minimize the costs of monetary unification. 
Drawing lessons from a highly successful but little known monetary union 
between Brunei and Singapore, a recent study argues that regional cooperation could 
discourage currency attacks and potential speculators (Ngiam and Yuen, 2001).  The 
authors suggest re-building confidence in Asian currencies or building currency 
credibility instead of fulfilling OCA criteria as a more desirable approach for a 
monetary union.  It has been argued that the IMF bailout packages were channeled to 
the Asian crisis-hit countries too slowly and the packages came with a stringent set of 8
conditions, basing on which, it seems that a large and rapid disbursement of 
international liquidity would be necessary for warding off speculative attacks.  Also, 
Asian policy makers need to be assured that their national macroeconomic policies 
would not be undermined by exchange rate changes in neighboring countries or that 
interest-rate misalignments would not cause the cross-border flows of short-term “hot 
money”.  Besides restructuring economic fundamentals, Asian countries have an 
alternative but not the exclusive opportunity to improve currency credibility through 
multilateral monetary support arrangements.  Some events have been implemented to 
materialize this idea. For example, at the Asian-Europe Meeting (ASEM) of Finance 
Ministers in Bangkok in September 1997, Japan proposed an Asian Monetary Fund 
(AMF) to prevent the recurrence of the Asian currency crisis and to constitute financial 
co-operation among the Asian nations.  Another important Japanese attempt is the 
1999 signing of large bilateral support arrangements with South Korea and with 
Malaysia. 
There are other ways of thwarting speculative attacks.  At the Asian 
Development Bank meeting in Chiang Mai in May 2000, the 10-member Association 
of Southeast Asian Nations (ASEAN) together with Japan, China and South Korea 
agreed to expand their web of bilateral currency swap agreements.  The rationale is 
that countries with closer exchange market linkages would be willing to cooperate in 
order to defend each other’s currency.  Bayoumi and Eichengreen (1998) examine the 
relationship between OCA determinants and exchange market pressure, and conclude 
that asymmetric shocks are the main cause of exchange market volatilities and that 
exchange market pressures mainly reflect asymmetric shocks.  Thus, the research on 
exchange market linkages and that on monetary unification are related in the sense that 
exchange market pressure linkages provide some justification for monetary unification.  
9
The Asian Financial Crisis of the late 1990s has resuscitated the interest in 
monetary unification or cooperation in the region, although the OCA based arguments 
are inconclusive about the suitability of a common currency for Asia.  If the purpose of 
monetary unification or cooperation is to stabilize exchange rates and to deter 
speculative attacks on currencies, in other words, to reduce the chances of currencies 
being under devaluation pressure, a more direct way to identify the ideal cooperative 
monetary mechanisms is to examine the interrelationships among candidate currencies.  
More specifically, economies with more closely linked currencies tend to be better 
candidates for monetary cooperation. 
 
2.2   Exchange Markets Integration 
The great expansion in international trade and the globalization of economies 
have resulted in huge capital and monetary flows across borders, thereby bringing 
national financial markets closer.  The many studies on stock index correlations in 
developed and developing countries (e.g.; Hamao, Masulis and Ng, 1990; Eun and 
Shim, 1993; Christopher K.Ma, 1993; Arshanapolli and Doukas, 1996; Fatemi and 
Park, 1996; Janakiramanan and Lamba, 1998) have provoked much interest on the 
foreign exchange markets.  
Baillie and Bollerslev (1989) examine the daily exchange rates of seven countries 
(Germany, France, Italy, Switzerland, UK, Japan, Canada) for the period from March 
1980 to January 1985, and find long-run equilibrium relationships among the seven 
exchange rates.  However, a later study with the same dataset has a different 
conclusion (Diebold, Gardeazabal and Yilmaz, 1994).  Upon reexamination, Baillie 
and Bollerselv (1994) suggest that the deviation from the co-integrating relationship 
possesses long memories and describe the phenomenon as a fractionally integrated 10
process.   Based on tests on seven European exchange rates for the period from 
January 4, 1974 to April 30, 1991, Lajaunie and Naka (1996) provide support for 
Sephton and Larsen (1991) and Hakkio and Rush (1991) suggest that different sample 
periods could provide different conclusions regarding the nature of co-integration 
relationships.  It is likely that co-integration tests are sensitive to the geography of 
currencies implying that exchange rates co-integration among European countries 
could be due to their trade, shared economic policies and other factors. 
Much of the research on exchange rates relates to currencies of developed 
economies for which there are relatively minimal government intervention.  But, 
similar studies on Asian exchange markets suggest some important differences.  
Examining the time-series stochastic behavior of a set of five Asian currencies – 
Japanese Yen, Hong Kong Dollar, Malaysian Ringgit, Philippines Peso, Singapore 
Dollar – from September 1982 to December 1989, Aggarwal and Mougoue (1993) 
observe co-integration relationships among the five currencies.  In a later study (1996), 
they analyze the co-integration between the Japanese Yen and two sets of Asian 
currencies, namely, the Asian Tigers (Hong Kong, South Korea, Singapore and 
Taiwan); and the ASEAN-4 countries (Malaysia, Philippines, Thailand and Singapore), 
and find co-integration in both sets of Asian currencies.  
These findings are not unopposed.  Tse and Ng (1997) argue that Aggarwal and 
Mougoue (1993) have two shortcomings.  First, the Hong Kong Dollar is pegged to the 
US Dollar and thus should not be included in the study.  Second, South Korea and 
Taiwan should have been included in the sample because of their trading relationships 
with Japan. After adjusting for the two limitations, Tse and Ng find that co-integration 
exists only when the Korean Won and the Taiwan Dollar are included in the sample.  If 
these two currencies are excluded from the sample, the co-integration relationships 
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actually disappear.  Juay, Ng and Ho (2000) provide additional evidence of currency 
linkages among Asian-Pacific exchange markets, which include Australia, New 
Zealand, Japan, South Korea, Taiwan, Thailand, Malaysia, Singapore, Philippine, and 
Indonesia.  They also suggest the possibility that there may be structural changes in the 
linkages of currencies before and after the Asian Financial Crisis.  
 
Table 2.1 Exchange Rate Arrangements in East Asia 
 1982 1990 1999 
Indonesia Peg Managed Float Independent Float 
Thailand Peg Basket Peg Independent Float 
China Basket Peg Basket Peg Peg 
Malaysia Basket Peg Basket Peg Peg 
Singapore Basket Peg Managed Float Managed Float 
Philippine Managed Float Independent Float Independent Float 
Hong Kong Independent Float Hard Peg Hard Peg 
Japan Independent Float Independent Float Independent Float 
South Korea (not applicable) Managed Float Independent Float 
 
 Source: IMF  
 
In contrast to the developed countries, most Asian countries do not allow freely 
floating exchange rate regimes.  Table 2.1 shows the exchange rate regimes in nine 
Asian economies during 1980s and 1990s.  After 1999, most countries probably 
decided to float independently because of the Asian Financial Crisis that forced them 
to abandon their strictly managed exchange rates, except for Malaysia, China and 
Hong Kong. For China and Hong Kong, they are the only few in Asia who managed to 
defend their currencies successfully during the Asia Financial Crisis. For Malaysia 
after the Asian Financial Crisis, it decided to peg the Ringgit  to the US dollar strictly. 
 Most of the countries do not pursue freely floating exchange rates, and while 
some exchange rate flexibility is permitted, most would intervene by buying or selling 
their foreign reserves.  Foreign exchange markets are not just about exchange rates 12
alone.  For example, the foreign reserves of South Korea increased during 1998, and its 
EMP index is found to be negative, indicating that the Won was under appreciation 
pressures.  But, because the nominal exchange rate of the Won depreciated during that 
time, it would be deceiving to examine exchange market relationships simply through 
exchange rate co-movements.  Monetary authorities can turn to other policies and 
instruments for adjustments.  For example, they could increase interest rates in order to 
moderate downward pressures on the exchange rate. 
Given that most Asian currencies are under some amount of government 
intervention, an examination of exchange rate co-movements per se may not yield a 
satisfactory picture of the currency linkages.  Governments can intervene by trading 
their foreign exchange reserves and adjusting interest rates so as to stabilize their 
exchange rates.  Evidently, not all will succeed in defending their currencies through 
intervention, e.g., during the Asian Financial Crisis, the Chinese Yuan and the Hong 
Kong Dollar faced similar devaluation pressures as the other Asian currencies.  
However, the Thai Baht, Philippines Peso, Malaysia Ringgit, Indonesia Rupiah, new 
Taiwan Dollar and the Korean Won depreciated in a domino fashion, while the 
Chinese Yuan and Hong Kong Dollar were able to maintain their exchange rates.  Thus, 
any study based on exchange rate co-movement alone would lead to the conclusion 
that the Chinese Yuan and the Hong Kong Dollar are not linked to the other six 
currencies.  
An alternative to the exchange rate co-movements analysis would be that of 
exchange market pressure (EMP) used by Eichengreen (1994; 1995).  The EMP index 
is a weighted average of (i) the changes in exchange rates (measured as national 
currency per US Dollar), (ii) the changes in interest rate differentials, (iii) and the 
changes in foreign reserves.  When faced with the prospect of speculative currency 
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attacks, countries can meet the excess demand for foreign exchange through several, 
though not mutually exclusive, channels.  If the attacks are successful, depreciation 
would occur, but not if the monetary authorities can accommodate the pressures by 
running down their international reserves and/or check the attack by raising interest 
rates.  By incorporating the effects of these key channels, the EMP index can provide a 
more comprehensive picture of the pressures on currencies including those pressures 
through channels other than the exchange rates themselves. 
While the co-integration methodology may present long-term equilibrium 
relationships among exchange markets, it would be useful to examine whether 
exchange markets co-move with each other even during their deviations from their 
equilibria. 
One consensus from studies on exchange rate is that exchange rate is non-
stationary, deviates from normality, and has unit roots. Based on these characteristics, 
co-integration vector analysis is the most common methodology for studying the 
relationships among exchange markets. However, the research on currency linkages or 
exchange markets integration can draw upon much of the methodologies applied in the 
analysis of stock markets.  For example, Ripley (1973) uses factor analysis to 
investigate systematic sources of co-movements among international equity markets 
during the period 1960 to 1970; Panton, Lessig and Joy (1976) employ cluster analysis 
to investigate the structural relationship among 12 stock markets; Philippatos et al. 
(1986) apply principal component analysis on the monthly returns from 1959 to 1978 
for 14 countries; and Meric (1989) analyzes the inter-temporal stability of the matrix of 
correlation coefficients among 17 national stock markets; Arshanapalli and Doukas 
(1996) apply co-integration analysis to test the linkages and dynamic interactions 14
among stock market movements. In this thesis, cluster analysis is used to examine the 
structural relationship among Asia-Pacific exchange markets.  
Thus, in contrast to previous studies on exchange market integration in the Asia-
Pacific region that rely extensively on co-integration tests to study nominal exchange 
rates, and given the limitation of co-integration tests and the existence of considerable 
government intervention in exchange markets, this thesis analyzes currency linkages in 
the region by applying cluster analysis and Vector Autocorrelation (VAR) analysis on 
exchange market pressure (EMP).  The following research questions are explored: 
(1) Which of the eleven major Asian-Pacific currencies are under similar 
pressures? 
(2) Is there any Granger causality relationship among the currencies under 
similar pressures? 
(3) What is the shock transmission mechanism among the currencies?  
(4) What proportion of forecast error variances is due to own shocks, and 
what proportion is due to others’ shocks? 
(5) Does the Asian Financial Crisis bring out the structural changes to exchange 
market linkage? 
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Chapter 3   Exchange Market Pressure (EMP) Index  
This chapter reviews the literature on Exchange Market Pressure (EMP) that will 
help to construct the theoretical framework for the EMP index to be used in this thesis.  
This is followed by the development of the hypotheses to be tested with empirical data. 
 
3.1   Reviews of Literatures on Exchange Market Pressure 
The concept of exchange market pressure (EMP) as introduced by Girton and 
Roper (1977) is derived from the analysis that an excess demand or supply of foreign 
currency would result in both a change in the foreign exchange rate and a change in the 
level of foreign reserves of the home country.  This view has given rise to an extensive 
empirical literature with tests conducted on countries as diverse as Canada (Girton and 
Roper, 1977; Burdekin and Burkett, 1990), Brazil (Connolly and Da Silveira, 1979), 
South Korea (Kim, 1985; Mah 1991, 1995); Argentina (Modeste, 1981), Japan (Wohar 
and Lee, 1992), and the EU (Pentecost, Hooytdonk and Poeck, 2001).  In Eichengreen 
et al. (1994, 1995, 1996), the EMP framework is used to analyze currency crises. In all 
of these studies, the changes in foreign reserves are consistently included in the EMP 
index.  But, it is controversial whether interest rates should be included in the 
construction of the EMP index.  In Eichengreen, Rose and Wyplosz (1996), the EMP 
index includes the interest rate differential based on the argument that the strains on a 
country’s external sector might also be measured by the differential between domestic 
and world interest rates.  Tanner (2001) provides additional support for factoring in 
interest rates into the creation of the EMP index.  The interest differential is regarded 
as a determinant of exchange market pressure because of the evidence that it affects 
EMP in a systematic significant manner.  In this thesis, the EMP index takes into 16
account the changes of interest rate differential together with changes of foreign 
reserves and changes of exchange rates.  
Figure 3.1 presents the exchange rates (ER), the interest differentials (ID), non-
gold foreign reserves (FR), and monetary bases (MB) of 11 Asia-Pacific currencies for 
the period February 1989 to January 2002. The countries hardest hit during the Asian 
Crisis – Thailand, Philippine, Indonesia, Malaysia, and South Korea – experienced 
wider interest rate differentials around the Asian Financial Crisis period.  In the case of 
Hong Kong, the exchange rate was unchanged, yet Hong Kong’s interest rate 
differentials against the US showed a striking jump around August 1998. It indicates 
that part of pressure on exchange market was trying to release through money market. 
The EMP index is constructed by weighting the three components.  As the 
empirical literature provides little guidance on what would be appropriate, one option 
is to apply equal weights for the sake of simplicity.  This is backed by the observation 
that the volatilities of reserves, exchange rates and interest differentials are different, 
so that equal weights would prevent any of the three from dominating the index (see 
Eichengreen et al. 1995 and 1996).  Specifically, the weight for each of the three 
components is derived by the ratio of precision over the sum of precisions (Sachs et al., 
1996).  The precision of each component is defined as the inverse of the variance of 
that component.  Although this is the generally accepted method, Pentecost, Hooydonk 
and Poeck (2001) use the technique of principal components to derive the weights but 
it does not provide any clear advantage over the equal weighting method. 
 
3.2 Construction of EMP Index 
 
In this thesis, the EMP index is that which encapsulates the exchange rate, 
foreign reserves and the interest rate.  Thus, the index is given by: 
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ittititit riieEMP ∆−−∆+∆= %)(%
* γβα    (1) 
 where α+β+γ= 1, 
∆%  denotes the percentage change. 
ite  is the nominal exchange rate vis-à-vis US Dollar, home currency per US 
Dollar. (A positive value of %  would indicate the depreciation of exchange rate, 
which is one of the channels to represent the higher pressures faced by home currency.) 
ite∆
iti  is the money market interest rate of home currency.  
*
ti is the US money market interest rate (Since it is the interest differentials that 
determine the relative attractiveness between home and foreign currencies, the changes 
in interest differentials is used to capture the effects of interest rate adjustments on 
exchange market pressure.  When home currencies face devaluation pressures, the 
monetary authorities tend to increase their interest rates to enlarge the interest rate 
differentials so that people would be willing to hold their currencies.  The expected 
relationship between change in interest rate differentials and EMP is positive.) 
itr  is the non-gold foreign reserves scaled by the monetary base, M1.  (In the 
presence of exchange rate pressures, authorities may choose to purchase or sell foreign 
reserves without changing the monetary base.  This sterilized intervention is done by 
simultaneously selling or purchasing in the domestic government bonds market.  
However, empirical studies show that sterilized intervention has little effect on 
reducing exchange market pressure. In contrast to sterilized intervention, there is non-
sterilized intervention, in which governments adjust foreign reserves without counter 
reactions in domestic bond markets.  As shown in Figure 2.1, which graphs M1 of 11 18
selected countries during the period from February 1989 to January 2002, the monetary 
bases of the countries fluctuate throughout the sample period with an increasing trend.  
Since monetary bases do not remain unchanged, it is acceptable to treat government 
interventions in exchange market as non-sterilized.  In other words, it is appropriate to 
scale foreign reserves by the monetary base.  A negative relationship is expected to 
exist between foreign reserves and the EMP.  In the presence of currency depreciation 
pressures, governments may sell foreign reserves to depress the high demand on 
foreign currencies by increasing their supplies.  This helps to reduce the selling 
pressure on domestic currencies.  In effect, the decrease in foreign reserves suggests a 
reaction to high exchange market pressures.  Thus, there is a negative relationship 
between foreign reserves and the EMP index.) 
α, β and γ are the weights assigned to the three components of the EMP (They 
are calculated as the ratios of the precision – the inverse of variance – of each 
component to the sum of the precisions of the three components.  The component that 
has the greatest precision, i.e., lowest variance, will be accorded the highest weight.  
The sum of the three is equal to one.) 
 
3.3  Theoretical Development of Hypotheses 
Economies and currencies are referred to by regions, giving rise to terms such as 
the Asian economy, the European economy, the Asian currencies and European 
currencies. Although inter-regional trade is increasing at a fast pace, the economic and 
trade linkages among countries within a region remains very strong not only because 
of proximity and economic relations but also because of history and cross-cultural 
relations.  A country may have to depreciate its exchange rate if the currency of its 
trading partner devalues in order to maintain its trading competitiveness. 
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When some currencies are under severe devaluation pressure due to fundamental 
economic weakness or speculative attacks, investor sensitivity could spill over to other 
currencies in the neighborhood.  This contagion effect showed up during the Asian 
Crisis when some currencies crashed while others suffered negative impacts, even the 
strong economies such as Hong Kong and Singapore.  This leads to the following 
hypothesis. 
 
H1: Geographically and economically linked countries have a high 
level of currency pressure linkages. 
 
The Asian economy prospered greatly since the 1980’s, earning it the “Asian 
Miracle” accolade largely due to the then unrivaled success of the Asian Tigers.  Its 
economic soundness boosted confidence in its currencies, and although most of Asian 
currencies were not freely floating, the governments generally had little trouble in 
maintaining their exchange rates since there were no economic or financial troubles.  
Because of this setting, Asian currencies do not seem related.  The Asian Financial 
Crisis eroded much of the investor confidence, and even though the region has been 
recovering, skepticism and caution remain.  Some Asian currencies abandoned their 
pegged exchange rates in favor of more flexibility in which case monetary authorities 
have to be reactive, taking action when necessary to stabilize their exchange rates.  





H2a: The structure and dynamic of currency linkages among the Asia-
Pacific region change after the Asian Financial Crisis compared 
to the pre-Crisis period. 
 
H2b: Currency linkages in Asia-Pacific region have increased 
significantly after the Asian Financial Crisis. 
 
 
Japan’s dramatic economic rise during the 1980’s made it the second largest 
global economy after the United States.  It is a vital partner in international trade and 
investments in Southeast Asia and increasingly Northeast Asia as well.  But, since the 
1990’s, the Japanese economy has stagnated with few signs of recovery even in the 
early 2000’s.  Despite the finding that the Japanese Yen is influential currency based 
on the sample period of October 3, 1983 to February 7, 1992 (Auggarwal and 
Mougoue, 1996), there may be no reason to expect a similar conclusion in this thesis 
because the sample period – February 1989 to January 2002 – coincides with the 
duration when the Japanese economy has been in continued sluggishness.  Moreover, 
the nature of economic interrelationships in Asia Pacific are expected to change 
markedly after the Asian Financial Crisis with the steady rise of China’s economic 
prowess, and the change in direction of the flows of foreign investment, especially the 
growing intra-regional trade in ASEAN and increasing trade between China and 
ASEAN.  Thus, this hypothesis is proposed: 
 
H3: The Japanese Yen, relative to other currencies in the Asia-Pacific 
region, has an influential position in this region.  
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The study of the interrelationship of exchange rates and the inter-market 
transmission of shocks as undertaken by Baillie and Bollerslev (1994), Engle, Ito and 
Lin (1994), Malliaropulos (1994), Juay, Ng and Ho (2000) and others prove useful in 
understanding the contagion effects in currency exchange markets, and thus help shape 
the initiatives about monetary cooperation in Asia and the Pacific, yielding this 
hypothesis: 
 
H4: The interrelationship and shock transmission mechanism of 
currency pressure in the Asia-Pacific region is not symmetrical. 
 
 
The EMP index, as a composite of exchange rates, interest rates and foreign 
reserves, will be used to examine the above four hypotheses.  The first two hypotheses 
pertain to the macro-picture of currency linkages structures, while the objectives of the 
last two are the interrelationships of linked currencies. 
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Chapter 4   Data and Basic Data Analysis 
 This chapter describes the data and their sources and explains the construction 
of the EMP indices for the 11 currencies chosen for this research.  The analysis 
proceeds with the basic statistics of the EMP index and on the correlation relationships 
among the 11 currencies.  
 
4.1  Data  
The 11 currencies2 from the Asia Pacific are selected from three sub-regions as 
follows: 
A.  ASEAN:  (1) Thailand Baht (THB) 
   (2) Indonesia Rupiah (IDR) 
(3) Philippine Peso (PHP) 
(4) Malaysia Ringgit (MYR) 
(5) Singapore Dollar (SGD) 
B. Northeast Asia:  (6) South Korea Won (KRW) 
(7) Japan Yen (JPY) 
(8) China Yuan (CNY)3 
(9) Hong Kong Dollar (HKD)4 
                                                 
2 The selection of currencies follows Juay, Ng and Ho (2000).  The Taiwan Dollar is not included in this 
study because of data unavailability. 
 
3 The Chinese Yuan is included in the analysis because of its increasing importance in the region as 
evidenced during the Asian Financial Crisis.  Although the Yuan is pegged to the US Dollar, the 
Chinese government does intervene in the exchange market by manipulating foreign reserves and 
interest rate.  Also, the use of the EMP warrants the inclusion of the Yuan. 
 
4 “Although according to the Basic law, Hong Kong’s mini-constitution, the exchange rate is purely the 
prerogative of the Hong Kong government, in practice it has to be aligned with that of China, given the 
close relationships between the two economies” (The Straits Times, Singapore, July 3, 2002) The 
inclusion of the Hong Kong dollar is attributed not only because of its relative importance in the region 
but also because it is closely related to China upon its return in 1997. 
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C. Pacific region: (10) Australia Dollar (AUD) 
(11) New Zealand Dollar (NZD)  
 
The data set is monthly, spanning from February 1989 to January 2002, and are 
extracted from the CD-ROM version of the International Monetary Fund’s 
International Financial Statistics (IFS) 5 , and is adjusted for missing entries 6 .   
Specifically, the variables extracted for analysis are: period-average exchange rate 
(line rf); money market rates (line60b) where possible, discount rates or treasure bill 
rates otherwise (line 60); non-gold international reserves (IFS line 11d); and M1 (line 
34).  
The columns in Figure 2.1 are the exchange rates (ER), interest rate differentials 
(ID), international reserves (FR) and monetary bases (MB) of the 11 countries, while 
the rows are for the different currencies.  During the Asian Financial Crisis, the 
currencies of Thailand, Indonesia, Malaysia, Philippine, Singapore and South Korea 
were attacked quite strenuously and their exchange rates showed striking deteriorations 
with corresponding jumps in the interest rate differentials and decreases in the 
respective nation’s international reserves.  Collectively, these movements suggest that 
the governments attempted to defend their currencies, although their efforts did not 
seem very effective. 
In contrast to ASEAN-5, China and Hong Kong exhibited more stable nominal 
exchange rates against US dollar, but upon closer inspection, the movements of their 
interest rates and foreign reserves suggest that they undertook monetary adjustments to 
                                                 
5 The money market interest rate of Hong Kong Dollar is from the website of Hong Kong Monetary 
Authorities. 
 
6 For those few countries that have only quarterly or annually data in some periods, the linear trend is 
estimated in order to fill in the monthly data points. 
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try to reduce the pressures on their currencies.  During the Asian Financial Crisis, there 
was a sudden jump in the interest rate differentials between the Hong Kong Dollar and 
the US Dollar and a noticeable decrease in Hong Kong’s foreign reserves.  In the case 
of China, although its foreign reserves continued to increase, the speed of 
accumulation slowed down after the Asian Financial Crisis. The time series plotting of 
exchange rates, foreign reserves and interest rates of a sample of currencies suggests 
the prevalent existence of government intervention in the Asia-Pacific region, and 
support the use of an EMP index in this thesis to measure the exchange market 
pressures faced by countries in this region. 
 
4.2  Assignment of Weights 
One immediate consequence of the Asian Financial Crisis is that some countries 
in the region were forced to review their exchange rate regimes and to adjust their 
monetary policies.  Two sub-sets of data are established to test for changes in the 
pattern of currency linkages.  With July 1997 as cut-off, the first sub-period is from 
February 1989 to June 1997, known as the pre-Crisis period, and the second sub-
period is from July 1997 to January 2002, known as the post-Crisis period.  This 
partitioning is essential in order to examine whether the Asian Financial Crisis caused 
structural changes in the purposes of assigning the weights to the three components of 
the EMP index, and if so, to what extent.  Table 4.1 compares the weights based on the 
whole sample from February 1989 to January 2002 to that of the weights assessed 
separately for the pre-Crisis and the post-Crisis periods.  It should be clarified that the 
relative importance of the three components should not be based only on the absolute 
values of the weights because the weight assignment methodology balances the 
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influence caused by different variations of three components. Therefore, larger weights 
would correspond to smaller variability while smaller weights to larger variability.  
 
  Table 4.1   Weights Assigned to the Three Components of EMP 



















































































































α, β, and γ denote the weight assigned to exchange rate, interest differentials and non-gold 
foreign reserves, respectively. 
 
For each country, the first row is basing on the entire period (February 1989-January 2002), 
the second row is basing on the pre-Crisis period (February 1989-June 1997), and the third 
row is basing on the post-Crisis period (July 1997-January 2001) 
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Table 4.1 shows that, except for HKD, the weights for the pre-Crisis period differ from 
that for the post-Crisis period, signifying that there is different variability for the three 
components for each sub-period.  This calls in question about their actual influence on 
the EMP index.  Figure 4.1 plots EMP based on weights in Table 4.1.   
The EMP1 is derived with weights for the entire sample period, while the EMP2 
combines the pre- and post-crisis EMP’s, which are calculated separately using pre- 
and post-Crisis weights.  The figure shows that the two lines moved almost identically, 
implying that the differences are negligible.  









   MYR* 0.94 
 SGD 0.97 
  KRW 0.88 
      JPY 0.99 
 HKD 0.99 
CNY 0.84 
 AUD 0.99 
NZD 0.97 
 
*  Since Malaysia government repegged ringgit in Aug 1998, I recalculated EMP basing on three sub-
periods (Feb 1989-Jun1997, Jul 1997- Jul 1998, Aug1998-Jan2002), and on the whole period separately. 
The correlation is still as high as 0.95, which means this change will not have significant effect. 
 
As shown in Table 4.2, 11 currencies have high correlations, ranging from 0.75 
to 0.99, between their respective EMP1 and EMP2, which is in line with the EMP 
patterns in Figure 4.1.  This is not surprising given the weights assignment method 
used here.  The relative volatility of the three components of EMP may change after 
the Asian Financial Crisis.  But, the weights assignment is conducted in a way that 
smoothes the different effects from different volatility.  Therefore, the EMP may show 
similar patterns pre- and post-Crisis. Since there are no significant differences between 
EMP1 and EMP2, the rest of this thesis will employ EMP1, henceforth known as EMP. 
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4.3  Basic Statistics 
The descriptive statistics for the EMP indices are reported in Table 4.3.  They 
show that the average levels of the EMP for all currencies, except KRW and CNY, 
have increased during the post-Crisis period.  As measured by the standard deviation, 
the volatilities for eight of them are higher after July 1997.  The highest volatility is 
experienced by IDR, which increased by more than 30 times, followed by THB (more 
than 10 times), KRW (about 7 times) and MYR (more than 4 times). The exceptions 
are JPY, HKD and CNY for which their volatilities actually decreased after the Asian 
Financial Crisis. 
The estimates for skewness indicate that the EMP indices of the currencies, 
except that of CNY, do not depart greatly from the normal distribution.  The large 
kurtosis values for MYR, KRW and CNY suggest that their EMP indices have fat tails. 
The extreme spikes in the EMP indices are correlated with the instances of 
exchange rate realignments in the case of ASEAN-5 and South Korea whose 
currencies weakened significantly during the Asian Financial Crisis while their EMP 
indices are high.  This could mean that the EMP index is effective in capturing the 
effect of exchange market pressures leading to realignments of exchange rates.  
Nevertheless, there are other means of easing the currency pressures, for example, 
governments can increase interest rates and sell off their foreign reserves in order to 
support their national currencies. 
It should be recognized that ASEAN-5 is a closely related economic entity.  
Others such as Japan, Australia, and New Zealand seem to huddle in another group, 




4.4   Correlation Analysis 
Table 4.4 is the correlations matrix of the monthly EMP indices for the 11 
currencies for the whole sample period from February 1989 to January 2002.  The 
correlations among the ASEAN-5 currencies are positive and high.  While the 
correlation between New Zealand and Australia is also positive and high at 0.5918, it 
is surprising that no relationship between the EMP index for China and that for Hong 
Kong.  
      Table 4.4   Correlations Among EMP Indices of 11 Currencies  
                (Entire sample period: February 1989 to January 2002) 
 
 
      THB IND PHP MYR SGD KRW JPY HKD HKD HKD NZD 
THB       1.0000           
IND 0.3686 1.0000          
PHP 0.5247 0.3885 1.0000         
MYR 0.6404 0.3934 0.5898 1.0000        
SGD 0.5891 0.3355 0.3604 0.6119 1.0000       
KRW 0.5057 0.3088 0.4014 0.3899 0.2498 1.0000      
JPY 0.1604 0.0872 -0.0145 0.2006 0.4009 0.1822 1.0000     
HKD -0.0057 0.0510 0.1338 0.0058 -0.0126 -0.0090 -0.0132 1.0000    
CNY -0.0018 -0.0107 0.0229 0.1195 -0.0106 0.0038 -0.0180 0.0469 1.0000   
AUD 0.1827 0.1613 0.1598 0.0931 0.2262 0.0868 0.1940 0.0201 -0.0413 1.0000  
NZD 0.2563 0.2321 0.1935 0.1697 0.3903 0.0925 0.3326 0.1330 -0.0343 0.5918 1.0000 
 
As explained, the data set (February 1989 to January 2002) has been divided into 
two sub-periods, with the data from July 1997 representing the post-Crisis period, to 
corroborate if there has been a structural break in the exchange market relationships.  
Based on the re-calculated correlations summarized in Table 4.5A and 4.5B, it appears 
that the two sub-periods have different statistical properties.  Given that there are more 
significant correlations, it is clear that the Asia Pacific currencies, especially the 
ASEAN-5, moved in tandem more closely after July 1997.  But this assessment has a 
caveat in that the higher correlations may be due to higher volatilities as a result of the 
Asian Financial Crisis. 
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Based on the preliminary statistics, it appears that the EMP index is effective in 
tracking exchange market pressures. 
Table 4.5   Correlations Among EMP Indices of 11 Currencies 
 
 
4.5a   Pre-crisis (from February 1989 to June 1997) 
 
 THB IDR PHP MYR SGD KRW JPY HKD CNY AUD NZD 
THB 1.0000           
IDR 0.2726 1.0000          
PHP -0.1942 -0.1009 1.0000         
MYR 0.2821 0.0899 0.0734 1.0000        
SGD 0.7594 0.2639 -0.2036 0.2645 1.0000       
KRW 0.2478 0.0309 0.0007 0.0594 0.2312 1.0000      
JPY 0.8457 0.2604 -0.1247 0.2642 0.5926 0.3165 1.0000     
HKD 0.0293 0.0081 0.1749 0.0006 -0.0695 0.0027 -0.0012 1.0000    
CNY 0.0394 -0.0548 0.0510 0.3799 0.0039 -0.0026 -0.0182 0.0554 1.0000   
AUD 0.1502 0.0506 0.0881 -0.0577 0.0627 -0.0769 0.1179 0.0048 -0.0506 1.0000  




4.5b   Post-crisis (from July 1997 to January 2002) 
 
 THB IDR PHP MYR SGD KRW JPY HKD CNY AUD NZD 
THB 1.0000           
IDR 0.3570 1.0000          
PHP 0.6629 0.4716 1.0000         
MYR 0.6664 0.4066 0.7482 1.0000        
SGD 0.6177 0.3557 0.5902 0.6950 1.0000       
KRW 0.5350 0.3333 0.5282 0.4315 0.3068 1.0000      
JPY 0.1198 0.1384 0.1065 0.2578 0.3266 0.2714 1.0000     
HKD -0.0770 0.1109 0.0833 -0.0169 -0.0245 0.0000 -0.1071 1.0000    
CNY 0.0208 -0.2334 -0.2555 -0.1890 -0.1408 -0.0443 0.0362 0.0378 1.0000   
AUD 0.2141 0.1985 0.1872 0.1379 0.2881 0.1572 0.3306 0.0116 -0.0127 1.0000  
NZD 0.2646 0.2610 0.2543 0.1769 0.4045 0.1237 0.3461 0.2468 0.0315 0.6726 1.0000 
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Chapter 5   Methodologies 
This chapter describes the methodologies for testing the four hypotheses.  These 
include Cluster analysis, VAR analysis, Granger causality analysis, variance 
decomposition, and impulse response analysis. 
 
5.1  Cluster Analysis 
5.1.1 Background 
The technique of co-integration is widely used to study whether and how closely 
foreign exchange markets or currencies are linked (e.g., Aggarwal and Mougoue, 1993, 
1996; Baillie and Bollerslev, 1994; Diebold, Gardeazabal and Yilmaz, 1994; Tse and 
Ng, 1997; Juay, Ng and Ho, 2000).  But the co-integration methodology is used to deal 
with non-stationary data. If non-stationarity cannot be established by the unit root test, 
as in the case of the EMP indices, then other testing methods must be applied. 
Another consideration in the choice of techniques is whether specific 
assumptions about the data structure are essential.  A case could be made for the 
adoption of statistical procedures that do not place demanding restrictions on the 
dataset.  One example where no assumptions about the data are required would be 
cluster analysis where the objective is to group different members or statistical-related 
observations according to some predefined similarity characteristics among the data.  
First used in biological sciences, cluster analysis is a popular tool in areas as diverse as 
psychology, geology and education.  In the business and management discipline, 
cluster analysis is widely used in marketing and banking.  Although it has not gained 
much popularity in finance, the few applications include Panton, Lessig and Maurice 
Joy (1976) in their taxonomic study of the co-movements of international equity 
markets. 
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In this thesis, I group together the currencies facing similar revaluation pressure. 
And such currencies are those which share most similarity in their time series data of 
EMP index. I use Euclidean distance to measure this similarity, the formula of which is 
given in equation (1). More specifically, the least the Euclidean distance between a 
pair of EMP index, the more similar pressure is faced by the two currencies. 
 
5.1.2 Agglomerative Hierarchical Cluster and the Euclidean Distance 
In the case of the 11 currencies for this research, the specific approach is the 
agglomerative hierarchical clustering procedure.  The basic steps are: 
Step 1: Start with 11 clusters, each containing a single country to calculate an 
11x11 symmetric matrix of (Euclidean) distances. 
Step 2: Search for the distance matrix for the nearest, or most similar, pair of 
clusters. 
Step 3: Merge the nearest clusters to form new clusters and recalculate the 
distance matrix. 
Step 4: Repeat Steps 2 and 3 for ten rounds until all countries are grouped into  
a single cluster. 
 
As the procedure requires a measure of “similarity” in order to develop the 
simple group structure from a complex dataset, and as the current data are continuous 
and nominal, the Euclidean distance is chosen as the measure of similarity.  The 




)11 )(...)(()( ktitkikiki yyyyyyYYd −++−+−=−  (1) 
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)( ki YYd −  denotes the distance between the t-dimensional (observations) EMPi 
and EMPk. 
i and k denote currencies to be placed in one cluster. 
t is the number of observations. 
 
 
Once the cluster structure is identified, it would be essential to check the inter-
temporal stability of the structure.  Given the possibility that the pre-Crisis and post-
Crisis sub-sets have different econometric properties, thus the cluster analysis is also 
performed on both sub-sets. 
 
5.2   Vector Autocorrelation (VAR) Analysis 
5.2.1 The VAR Model 
The technique for examining the inter-relationships among the exchange markets 
is the vector autocorrelation (VAR) which is commonly used for studying systems of 
interrelated time series. It is suitable for analyzing the dynamic impact of random 
disturbances on the system of variables, and for identifying disturbance transmissions 
within the system. 


























































































































































































































n is the number of countries included in the VAR model. 
p is the number of lags. 
[ /,21 ...,, nεεε ]  is a vector of innovations that may be contemporaneously 
correlated with each other but are uncorrelated with their own lagged values, and 
uncorrelated with all of the right-hand side variables.  Since only lagged values of the 
endogenous variables appear on the right-hand side of each equation, there is no issue 
of simultaneity, and OLS is the appropriate estimation technique.  
β matrixes reflect the impact of the lagged EMP indices on the current EMP 
indices. 
 
5.2.2 Granger Causality Check 
Based on the VAR model, the Granger Causality test focuses on the joint 
influences of the lagged value of Yi on the current value of Yk.  The null hypothesis is: 
 
βki,1 = βki,2 = … = βki,t = 0 
 




The Granger (1969) approach to the causality of Yi on Yk is to establish the 
amount of the current Yk that could be explained by past values of Yi, and then to 
ascertain if adding lagged values of Yi could improve the explanatory power of the 
model.  Yk is said to be Granger-caused by Yi if the past value of Yi helps to predict 
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Yk, or equivalently if the coefficients on the lagged Yi 's are statistically significant.  It 
should be cautioned that the statement “Yi Granger causes Yk” does not mean that Yk 
is the effect or the result of Yi.  Granger causality measures precedence and 
information content but does not by itself mean causality in the common use of the 
term “cause”. 
 
5.2.3 Impulse Response Functions 
An impulse response function captures the effect of a shock to a variable from 
the current and future values of other endogenous variables.  A shock to the variable 
directly affects itself, and would also be transmitted to the other endogenous variables 







































































































tY 1  is the expected Y value obtained from Equation (2).  
[ /,21 ...,, nεεε ] is the innovation vector.  If the innovations are uncorrelated, 
interpretation of the impulse response would be straightforward in the sense that Bij(L) 
denotes the effect of shocks from Yj on Yi.  However, innovations are usually 
correlated, and thus they have a common component that cannot be associated with a 
specific variable.  The common but arbitrary method of dealing with this issue is to 
attribute all of the effect of any common component to the variable that comes first in 
the VAR system.  In Cholesky decomposition, which is widely used and also adopted 
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here, the variables are assigned to certain orderings.  Since changing the order may 
dramatically alter the impulse response, some justification would have to be given. 
 
5.2.4 Variance Decomposition 
Another method for depicting systems dynamics is variance decomposition.  
While impulse response functions trace the effect of a shock to an endogenous variable 
on the variable in the VAR, the variance decomposition decomposes the variation 
within an endogenous variable into the component shocks to the endogenous variables  














































































































Referring to Equation 5, the vector on the left hand side of the equation pertains 
to the n-step ahead forecasts.    is the n-period 
forecast errors.  The proportion of variance due to its own shocks and shocks from j are: 
σi2 * Bii2(L)/ σi2(n) and σj2 * Bij2(L)/ σi2(n), respectively.  σi2 is the variance of 























































5.2.5 Test of Stationarity 
The stationarity of the EMP indices is assessed by using the Augmented Dickey-









11    (6) 
 
Yt is the time series to be tested. ∆ is the difference 
operator 
 
εt is a white noise process 
 
The null hypothesis is H0: γ = 0, for the existence of unit root.  This test for the 
presence of unit root in a series is dependent on the model specifications such as the 
number of lags and the inclusion of intercept and/or trend in the equation.  Since there 
is no strong evidence to exclude intercept and trend, the general form of the model 
with intercept and trend included is chosen.  In addition, only three lags are employed 
because additional lags do not increase explanatory power. 
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Chapter 6   Empirical Results and Analysis 
The empirical findings are discussed in this chapter.  The overview of the 
currency linkage is provided by cluster analysis which is used also to detect if 
structural changes in the dataset could be attributed to the Asian Financial Crisis.  
More rigorous examination of the four hypotheses is pursued with VAR analysis, 
Granger causality test, variance decomposition and impulse response analysis.  
 
6.1  Results from Cluster Analysis 
6.1.1 General Results 
With each of the 11 countries set up as a single separate cluster, the initial input 
for the first stage of the clustering is the proximity matrix developed with the 
Euclidean distances between each pair of clusters based on Equation (2).  Here 
countries with similar characteristics are grouped into one cluster and the process stops 
when all the 11 countries are grouped into one cluster.  Table 6.1 summarizes this 
proximity matrix. 
 
Table 6.1   Proximity Matrix (the Euclidean Distance)  
 
 THB IDR PHP MYR SGD KRW JPY HKD CNY AUD NZD
THB            
IDR 0.472           
PHP 0.308 0.442           
MYR 0.284 0.457 0.271         
SGD 0.284 0.452 0.273 0.252        
KRW 0.357 0.505 0.361 0.381 0.370       
JPY 0.415 0.535 0.399 0.383 0.273 0.423      
HKD 0.349 0.476 0.272 0.318 0.190 0.368 0.286     
CNY 0.544 0.634 0.492 0.494 0.462 0.556 0.512 0.419    
AUD 0.395 0.500 0.345 0.394 0.292 0.435 0.353 0.267 0.504   




The proximity matrix is updated at each stage when the most similar members 
evolved into new clusters. 
The agglomeration schedule, which details the clustering throughout all stages, is 
presented in Table 6.2.  The first three columns pertain to clusters combined at each 
stage.  The fourth column lists the distances between the two clusters combined at each 
stage.  The last three columns give the final cluster level and at which a case (or 
variable) joined the cluster. 
 
Table 6.2   Agglomeration Schedule for the Entire Sample Period 
  (from February 1989 to January 2002) 
   




Stage Cluster1 Cluster2  Cluster1 Cluster2  
1 SGD HKD 0.190 0 0 3 
2 AUD NZD 0.235 0 0 3 
3 SGD AUD 0.268 1 2 6 
4 PHP MYR 0.271 0 0 5 
5 THB PHP 0.296 0 4 7 
6 SGD JPY 0.307 3 0 7 
7 THB SGD 0.344 5 6 8 
8 THB KRW 0.391 7 0 9 
9 THB IDR 0.480 8 0 10 
10 THB CNY 0.512 9 0 0 
 
 
For convenience, the structural relationships among exchange markets that have 
been identified through cluster analysis are represented by dendrograms (see Figure 
6.1).  A dendrogram shows the visual picture of the entire process of aggregation, 
which entities are merged, and the level of similarity within each cluster.  The 
connected horizontal lines designate the joined clusters.  The horizontal axis at the top 
of the graph denotes the distance, which are re-scaled to between 0 and 25 for the 
convenience of graphing and comparison since it is the relative distances between  
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Figure 6.1 
       
different clusters rather than absolute distances which matter. Despite the scaling, the 
relative distance between each clustering step is preserved. 
Basically, there are two clusters, each developed through a relatively separate 
path.  Cluster 1 comprise the Philippines, Malaysia and Thailand, and Cluster 2 has 
Singapore, Hong Kong, Australia, New Zealand and Japan.  Compared to the close 
linkages among the components within each of the two clusters, the connection 
between Korea and the two clusters is not so pronounced.  Indonesia and China also 
display loose linkages with the two clusters.  Evidently, each of the clusters has sub-
clusters, e.g., in the case of Cluster 2, Singapore and Hong Kong form a sub-cluster as 
they have the smallest Euclidean distances.  Similarly, Australia and New Zealand 
form another sub-cluster.  In the case of Cluster 1, Philippine and Malaysia first merge 
into one cluster before being joined by Thailand. 
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The results are consistent with H1 since the Philippines, Malaysia and Thailand 
are a part of ASEAN-5.  Although Singapore is a member of ASEAN-5 and in close 
proximity to the other ASEAN-5 members, it does not belong to the cluster comprising 
of the Philippine, Malaysia and Thailand. In contrast, Singapore forms a cluster with 
Hong Kong because of their historical and economic similarities with Hong Kong as 
both are former colonies of England, predominantly Chinese, are important economic 
and financial centers in Asia.  Similarly, the connection between Australia and New 
Zealand is based on their substantive historical and commercial relations. 
An examination of Table 6.2 shows that some countries act as bridges connecting 
other countries which initially are not directly linked, e.g., Country A and Country B 
are not directly linked but since both Countries A and B are linked to Country C, all 
three countries would be grouped in one cluster.   This seems to be the case with 
Singapore.  Because Singapore is connected to Hong Kong, Australia and Japan, these 
four countries are in one cluster.  Additionally, Cluster 1 and Cluster 2 can, to some 
degree, be merged because of the linkage between Singapore and Thailand.  The 
further joining of Korea and Indonesia into other clusters is partly due to the links with 
Thailand.  Collectively, these findings support H1 in that geographically and 
economically associated countries tend to belong to a homogenous group that faces 
similar exchange market pressures. 
 
6.1.2 Test of Structural Changes 
Dendrogram Comparison 
Some critical events can cause significant changes in the behavior of individuals 
and systems because the events themselves are different, if not new, underlying forces 
that impact the behavior.  In econometric terms, such events result in structural breaks 
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in the data because the effects are alterations to behaviors and actions.  The Asian 
Financial Crisis is widely supposed to be one of such events.  For this reason, the 
cluster analysis is also performed on the sub-samples before and after July 1997.  The 
agglomeration schedule for the period January 1989 – June 1997, i.e., the pre-Crisis 
period, is presented in Table 6.3a, and that for the period July 1997 – January 2002, i.e., 
the post-Crisis period which encompass the onset of the Asian Financial Crisis on July 
1997 that set off the currency woes, is presented in Table 6.3b.  The dendrograms for  
each of the periods are in Figure 6.2. 
The two cluster structures in the dendrogram are very different. The post-Crisis 
structure, as compared to the pre-Crisis structure is more consistent with the general 
results based on the whole period from January 1989 through January 2002.  In one 
cluster are Hong Kong, Japan, Singapore, Australia and New Zealand.  The other 
cluster consists of the Philippines, Malaysia and Thailand.  While Korea and Indonesia 
are standalone cases, China and Hong Kong are linked most likely because of Hong 
Kong’s return in July 1997 to China’s control. 
 The pre-Crisis scenario is a contrast.  Indonesia, Hong Kong and Thailand form 
one core cluster, while other countries – Korea, Singapore, Malaysia, New Zealand, 
the Philippines, Australia, Japan, China – are added into the core cluster sequentially to 
form a progressively larger cluster under the sacrifice of the similarity degree.  
The differences extracted from the dendrograms of the pre-Crisis and post-Crisis 





Figure 6.2 Dendrogram using Average Linkage 
6.2a Dendrogram for the Pre-crisis Period 
6.2b Dendrogram for the Post-crisis Period 
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    Table 6.3   Agglomeration Schedules for Two Sub-sample Periods 
 
 
 6.3a   From January 1989 to June 1997 
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6.3b   From July 1997 to January 2002) 
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Cophenetic Correlation Check 
From the dendrogram analysis, the structural change in the exchange market 
linkages could be made out, but a more objective test would be needed for verification.  
This is achieved by using the cophenetic correlation technique, propounded in Lessig 
V Parker and Tollefson Jone O (1971), and Panton, Lessig, and Joy (1976) to compare 
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variations in structures.  Working with a given agglomeration schedule and a 
dendrogam, a cophenetic value is associated with each pair of clusters.  The cophenetic 
value is the level of association (difference) where stems from the two clusters meet on 
the dendrogram.  After arranging the cophenetic values into a symmetric matrix, any 
change in the underlying forces would yield a different cophenetic matrix.  The 
similarity or difference in the two structures can be ascertained by comparing the 
cophenetic matrixes.  This is done by computing the correlations – cophenetic 
correlations – between values in corresponding cells of the two matrixes. 
The cophenetic matrices in Table 6.4 are derived from the information in Table 
6.3 and Figure 6.2.  The cophenetic correlation is - 0.3757.  The negative sign indicates 
that the pre-Crisis and post-Crisis are different from each other, thereby providing 
support for H2 that the structure of the exchange markets among the Asian countries 






Table 6.4   Cophenetic Matrixes  
    
6.4a   Pre-crisis (From February 1989 to June 1997) 
 
 THB IDR PHP MYR SGD KRW JPY HKD CNY AUD NZD 
THB 1.000           
IDR 0.049 1.000          
PHP 0.181 0.181 1.000         
MYR 0.110 0.110 0.181 1.000        
SGD 0.099 0.099 0.181 0.110 1.000       
KRW 0.070 0.070 0.181 0.110 0.099 1.000      
JPY 0.242 0.242 0.242 0.242 0.242 0.242 1.000     
HKD 0.049 0.043 0.181 0.110 0.099 0.070 0.242 1.000    
CNY 0.435 0.435 0.435 0.435 0.435 0.435 0.435 0.435 1.000   
AUD 0.191 0.191 0.191 0.191 0.191 0.242 0.242 0.191 0.435 1.000  
NZD 0.162 0.162 0.181 0.162 0.162 0.242 0.242 0.162 0.435 0.191 1.000
            
            
            
6.4b   Post-crisis (From July 1997 to January 2002) 
         
 THB IDR PHP MYR SGD KRW JPY HKD CNY AUD NZD 
THB 1.000           
IDR 0.461 1.000          
PHP 0.261 0.461 1.000         
MYR 0.261 0.461 0.200 1.000        
SGD 0.289 0.461 0.289 0.289 1.000       
KRW 0.361 0.461 0.361 0.361 0.361 1.000      
JPY 0.289 0.461 0.289 0.289 0.170 0.361 1.000     
HKD 0.289 0.461 0.289 0.289 0.170 0.361 0.153 1.000    
CNY 0.289 0.461 0.289 0.289 0.170 0.361 0.153 0.007 1.000   
AUD 0.289 0.461 0.289 0.289 0.206 0.361 0.206 0.206 0.206 1.000  
NZD 0.289 0.461 0.289 0.289 0.206 0.361 0.206 0.206 0.206 0.156 1.000








6.2   Results from VAR Analysis 
6.2.1 Test of Stationarity 
As required by econometric time series technique, it is essential to evaluate the 
stationarity status of the data in order to determine which model would be appropriate.  
The consensus from earlier studies is that exchange rates are non-stationary, non-
normal, and integrated of degree 1. Since the first difference of the exchange rates is 
supposed to be stationary, the first difference used in calculating the EMP indices 
imply that the indices should be stationary.  This would be corroborated with the 
Augmented Dickey Fuller (ADF) test to verify the existence of the unit root.  The 
critical values are listed in Table 6.5.  The absolute values of the ADF statistics for the 
11 currencies are larger than the critical values at 10%, 5%, and 1% significance levels.  
Thus the null hypothesis that there exist unit roots is rejected, thus establishing the 
stationarity of the EMP indices. 
Table 6.5 summarizes the ADF tests of stationarity for EMP for the three 
possible periods, i.e., the whole period and the two sub-periods.  As the DW statistic is 
close to 2, it suggests the absence of autocorrelation.  For the whole period, all the tests 
are significant at the 1% level.  Generally, the significance level decreases after the 
Asian Financial Crisis.  Except for HKD and JPY, most currencies exhibit stationary 
EMP indices at the 10% significant level or better.  These findings are consistent with 













   Table 6.5   Augmented Dickey-Fuller (ADF) Tests for Individual Time Series of EMP 
 
 Full Period 
(Feb 1989 – Jan 2002) 
Pre-crisis Period 
(Feb 1989 – Jun 1997) 
Post-crisis Period 
(Jul 1997 – Jan 2002) 
 ADF DW ADF DW ADF DW 
THB -6.3451* 1.9603 -5.4662* 2.1140 -4.2727* 1.7574 
PHP -5.5337* 1.9416 -4.0334** 1.9985 -3.8460** 1.8346 
IDR -5.8558* 1.9370 -4.8972* 2.0013 -3.4633*** 1.9378 
MYR -5.6728* 1.9825 -5.2521* 2.0026 -3.4127*** 1.9229 
SGD -7.6897* 2.0106 -4.8919* 2.0020 -5.6121* 2.0612 
HKD -7.4662* 2.0339 -6.0868* 2.0394 -3.0006 2.0191 
CNY -7.3106* 1.9767 -5.8468* 1.9772 -19.6286* 3.2292 
JPY -5.7985* 2.0705 -4.7943* 2.0901 -2.9561 2.0105 
KRW -6.5165* 2.0075 -4.1945* 1.9591 -3.8464** 2.0085 
AUD -7.1181* 1.9751 -5.6319* 1.9873 -4.4582* 1.9286 
NZD -5.0936* 1.9695 -4.7409* 1.9454 -3.4919* -1.9672 
Critical 
values 
 *1% -4.0208 
 **5% -3.4399 
 ***10% -3.1441 
 *1% -4.0550 
 **5% -3.4561 
 ***10% -3.1536 
 *1% -4.1314 
 **5% -3.4919 
 ***10% -3.1744 
 
6.2.2 Granger Causality Tests 
An examination of the F-statistics for the two sub-periods suggests that new or 
different Granger causality relationships emerge after the Asian Financial Crisis while 
some Granger causality relationships in the pre-Crisis period have vanished (see Table 
6.6).  Evidently, there exists a structural change in the Granger causality relationships 
among the 11 EMP indices.  To avoid misleading conclusions based on the whole 
period, the ensuing analysis focuses on the pre-Crisis and post-Crisis periods.  For 
convenience, the 11 currencies are grouped into three clusters by their geographical 
proximities: 
Group1: ASEAN (Thailand, Philippine, Malaysia, Indonesia and Singapore) 
Group2: Northeast Asia (Japan, Korea, China, and Hong Kong) 
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Group3: the Pacific (Australia and New Zealand) 
 
During the pre-Crisis period, only 3 of the 20 Granger causality relationships 
among ASEAN currencies are significant; and only 2 of the 30 Granger causality 
relationships among Non-ASEAN7 currencies are noteworthy.  Among the Northeast 
Asian currencies, there is no Granger causality relationship in four of them.  Among 
the Granger causality relationships between currencies from ASEAN and currencies 
from Non-ASEAN, only a few (8 out of 60) are significant.  Thus, the 11 currencies 
have a comparatively low degree of linkages before the Crisis.  Furthermore, in 
contrast to the common view about the Japanese Yen’s influential position, the JPY 
significantly Granger causes only MYR and SGD. 
The Granger causalities are much more pronounced after the Asian Financial 
Crisis.  For example, the currencies from ASEAN have significant Granger causality 
effects on the Northeast Asia currencies in 10 of the 20 cases.  In the other direction, 
currencies from Northeast Asia Granger cause ASEAN currencies in 12 of 20 cases.  
The Granger causality influence is significant to the extent that within the linkages 
among ASEAN currencies, 8 out of the 20 are meaningful. 
The CNY has close associations with ASEAN currencies in the post-Crisis 
period from the fact that it Granger causes all five ASEAN currencies at the 
significance level of 1%, and is also significantly Granger-caused by those currencies.   
The KRW seems influential in the post-Crisis period as it significantly Granger causes 
four ASEAN currencies (PHP, MYR, IDR, SGD) and two Northeast Asian currencies 
(HKD, CNY) while it is Granger caused only by THB and CNY.  This is an example 
of asymmetric interrelationships among the currencies.  Interestingly, despite the belief 
that the Japanese currency is influential in the region, it actually has only few causality 
                                                 
7 Non-ASEAN refers to Northeast Asia and the Pacific. 
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relationships with other currencies during both sub-periods.  Moreover, there is no 
evidence for expected SGD-MYR and CNY-HKD connections. 
Recalling that many ASEAN currencies were severely affected during the Asian 
Financial Crisis sparked off by the Thai baht, it is worth noting that THB significantly 
Granger causes the other four ASEAN currencies as well as HKD, CNY and KRW. 
 
6.2.3 Decomposition of Forecast Error Variances 
As described in Chapter 5, the forecast error variance of each EMP index can be 
traced to the respective sources by using orthogonal innovations, where the 
innovations are also known as shocks.  The forecast of a country’s EMP index is 
associated with a variance. The variance decomposition technique assumes that the 
variance is due to the innovations or shocks to the other ten countries’ EMP indices.  
The model used for the variance decomposition is obtained by mathematically 
transmitting the original VAR model so that the innovations to the ten countries are 
uncorrelated with each other.  Given that there are currently no definite procedures, the 
ordering here is based on the Granger-causality relationships for the entire period in 
this manner: THB, KRW, IDR, AUD, NZD, PHP, JPY, SGD, MYR, HKD, and CNY8. 
Based on the three-month horizon9, Table 6.7 reports the percentage of the 
forecast error variance for one country’s EMP index that is attributed to the 
innovations from the other countries’ EMP indices.  The 11 currencies have been 
categorized into three groups according to their geographical links, which are ASEAN 
currencies, Northeast Asian currencies and the two Pacific currencies.  The last column 
of Table 6.7 presents the total percentages in which the currencies in the rows explain 
                                                 
8  Where there are bilateral Granger-causality relationships, the ordering is determined by the relative 
significance of F-statistics.  For the same level of Granger-causality influence, the ordering is 
alphabetical. 
9  Other time horizons – one-month, six-month, twelve-month – yield similar conclusions. 
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the variances of foreign currencies’ EMP forecasts.  This gives information about 
the relative impact of each currency in explaining the innovations faced by other 
currencies.  The last three rows of the table summarize the percentages in which 
currencies from the same geographical group as a total explain the forecast error 
variance of the currency in each column. 
An analysis of the pre-Crisis data indicates that none of the individual currency 
forecast error variances is 100% accounted by its own shocks. This suggests that even 
before the Asian Financial Crisis, the 11 currencies showed a certain degree of 
interaction. For all of the 11 currencies, more than 50% of their variance could be 
attributed to their own shocks, with the exception of JPY and SGD. In the case of JPY 
and SGD, their variance was largely due to the shocks to THB. THB was a major 
source of currencies’ variance even before the occurrence of the Asian Financial Crisis.  
The asymmetric influence of AUD on NZD is again observed as AUD explains 
25.94% of innovations in NZD, whereas NZD explains only 0.58% of the innovations 
in AUD in the pre-Crisis period.  The expected MYR-SGD link is surprisingly absent, 
and instead, large proportions of their variance are explained by THB although they 
contribute little in explaining the variance of THB.  Overall, these findings back the 
hypotheses that geographically and economically close countries have greater linkages 
though the relationships are not necessarily symmetric. 
The last three rows show the average contributions of currencies from ASEAN, 
Northeast Asia and the Pacific to explain the forecast error variances of each of the 11 
currencies.  As a group, ASEAN currencies, when compared to Non-ASEAN 
currencies, have the highest explanation of the variance in their currencies except for 
THB and PHP whose innovations are explained most by the two Pacific currencies.  
Also, ASEAN currencies could explain much of the variance in all five Northeast 
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Asian currencies and AUD.  Thus, during the pre-Crisis period, ASEAN currencies 
were major causes of currencies’ variance in the Asia-Pacific region. 
Having always been assumed as an isolated currency up to recent times, CNY 
shows a surprisingly high degree of interaction with others in that 45.19% of its 
variance is explained by foreign currencies.  After its economic liberalization starting 
in the late 1970s, which attract much international investment, China has become more 
and more integrated with the outside economies.  
After the Asian Financial Crisis, the proportion of variance attributable to 
currencies themselves has deceased significantly. For example, before the Asian 
Financial Crisis, HKD explained 79.30% of its own innovations, but this level dropped 
to only 19.41% after July 1997. This indicates that currencies in this region have 
become more closely linked to each other after the Asian Financial Crisis. One 
exception is JPY. After the Asian Financial Crisis, 61.32% of its innovations were due 
to shocks to itself.  In other words, JPY is less contagiously influenced by other 
currencies in the post-Crisis period as compared to the pre-Crisis period.  
After the Asian Financial Crisis, although both THB and AUD showed slight 
decreases in explaining variance of other currencies, most currencies experienced 
increases in explaining variance of other currencies.  The average contribution of JPY 
to the variance of the other currencies goes from 0.94% to 10.22%, SGD from 1.72% 
to 6.17%, and KRW from 1.25% to 12.42%.   
In the aftermath of the Asian Financial Crisis, it seems that AUD and NZD have 
been de-linked.  The percentage of NZD's innovations explained by AUD has 
decreased from 25.94% to 15.25%.  Conversely, HKD and CNY are gravitating to 
each other.  The percentage of CNY's innovations explained by HKD increased from 
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0.34% pre-crisis to 11.09%.  The above findings about AUD/NZD and HKD/CNY are 
both unidirectional. 
Generally, the abilities of ASEAN currencies to explain innovations within and 
outside ASEAN in Asia Pacific increase after the Asian Financial Crisis.  Even for 
Northeast Asian currencies, they show ability to explain variance of currencies within 
and outside Northeast Asia. In the face of different and sometimes difficult multilateral 
economic arrangements around the world, the growth of intra-regional cooperation and 
business is inevitable as their financial matters become more intertwined. 
In summary, the variance decomposition analysis supports both H2a and H2b that 
after the financial crisis, the regional currencies have become more closely associated. 
In case of JPY, it becomes less influenced by the contagious effect from currencies in 
this region. Additionally, JPY increases its ability to explain variance of other 
currencies, in other words, its influence on other currencies. 
 
6.2.4 Impulse Response Analysis 
The market-to-market responses are evaluated for the three sub-regions: ASEAN, 
North East Asia, and the Pacific.  Figure 6.3 plots the impulse responses for the 24-
month period, with the pre-Crises and post-Crisis on the left and right columns, 
respectively.  The response function decays to zero over 24 months. In other words, the 
currency markets digest the effect of shocks within two years. 
Prior to the Asian Financial Crisis, a shock to a currency in any sub-region 
market did not provoke much response from any of the three sub-regional markets. 
However there were greater reactions since July 1997, especially in the case of 
ASEAN. More specifically, shocks to any of the currencies in the Asia Pacific would 
spill over to the ASEAN currencies.  If the shock is from one of ASEAN currencies, 
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the responses of the ASEAN market would fizzle out after seven months. If the shocks 
were initially from a Northeast Asian currency or a Pacific currency, the responses 
from the ASEAN market would not peak until one month later and then took almost 
two years to vanish.  
Figure 6.4 plots the impulse response patterns of ASEAN, Northeast Asia and the 
Pacific markets in the presence of shocks to specific ASEAN currencies, with pre-
Crisis patterns in Panel A and post-Crisis patterns in Panel B.  Before the Asian 
Financial Crisis, shocks to one ASEAN currency have minimal effects on ASEAN 
markets and the Pacific markets, except that shock to THB attracted some responses 
from all the three sub-regions. In contrast, Northeast Asian markets did respond to 
shocks to ASEAN currencies, with the effects diminishing in three to five months. 
Since the July 1997 financial crisis, ASEAN markets appeared to react quickly to 
changes to currencies within its area.  But the shock-digesting process takes longer 
time. It would require more than 10 months for the markets to fully digest the effects 
of the shocks, almost three times longer than before the Asian Financial Crisis.  Most 
notably, shocks to THB would prompt immediate responses from ASEAN and the 
magnitudes of the responses due to THB are the largest.  In contrast, shocks to the 
other four ASEAN currencies generated only slight immediate reactions from ASEAN 
markets and the peaks developed in the second month. Generally, the Northeast Asian 
markets do not show any significant changes after the Asian Financial Crisis. 
Thus, a key consequence of the Asian Financial Crisis is the influence of impacts 
to ASEAN currencies on each other and on the Pacific currencies.  Not surprisingly, 
THB is the most influential currency after July 1997 Crisis because it prompted the 
Asian Financial Crisis. 
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Figure 6.5 plots the impulse response patterns of the three groups of currencies, 
with Panel A showing the pre-Crisis situation and Panel B the post-Crisis situation.  
During the pre-Crisis period, shocks to Northeast Asian currencies have little impact 
on any of three sub-region markets.  Only shocks to AUD and NZD would trigger 
some responses from the Northeast Asian markets.  The most obvious change after the 
Asian Financial Crisis is the reactions of the ASEAN currencies.  Shocks to JPY, 
KRW and NZD provoked immediate positive responses from ASEAN markets which 
peaked within one or two months.  CNY is the least influential currency in the sense 
that its innovations receive almost no reactions from other markets in both pre- and 
post-Crisis periods.  ASEAN markets need about 15 months to adjust to shocks to non-
ASEAN currencies.  Although JPY did not induce significant effect on the rest of 
markets during the pre-Crisis period, it did increase the spillover effect after the Asian 
Financial Crisis. 
Collectively, Figures 6.3, 6.4 and 6.5 provide evidence to support that the 
exchange market disaster ignited by the Thai baht caused a contagion.  This has 
occurred among ASEAN currencies, and between ASEAN currencies and non-
ASEAN currencies.  It should be noted that the effect is less pronounced among the 
non-ASEAN currencies.  The unfortunate thing is that it takes a long time to adjust to 
the shock or to counter them.  The extended duration means more pain and potentially 
greater negative effects on the economy.  This provides the rational for the Asia Pacific 
and ASEAN to collaborate among and between themselves in order to minimize the 
effects of the shocks. 
According to the plot in Figure 6.6, before the Asian Financial Crisis, none of the 
10 currencies reacted to shocks to JPY.  There was, however, a slight lagged response 
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from CNY.  However, after the Asian Financial Crisis, 8 of the 10 countries reacted to 
shocks to JPY.   
It can be seen from Figure 6.7 that KRW can jolt ASEAN currencies such as 
THB, IDR, PHP and MYR more than JPY does.  This is understandable, as they were 
the currencies severely attacked during the Asian Financial Crisis. But, for the other 
five currencies, SGD, CNY, HKD, AUD, and NZD, it would be the shocks to JPY 
rather than those to KRW that  have effects on them after the Asian Financial Crisis.  
We can also observe that shocks to JPY would cause reactions in KRW but not the 
other way around. 
As the Thai baht was the center of the Asian Financial Crisis, it is important to 
examine the effects of shocks to THB on other exchange markets.  Figure 6.8 plots the 
responses from ten currencies to THB's shocks.  Except for SGD, ASEAN currencies 
reacted perceptibly to attacks on the THB during the Asian Financial Crisis. 
With the exception of KRW, non-ASEAN currencies exhibit response patterns 
different from those of ASEAN excluding SGD.  There are no greater reactions after 
the Asian Financial Crisis when compared to the previous period.  JPY even 
experienced a lower response to THB's innovation shocks after the Asian Financial 
Crisis.  The magnitudes of post-Crisis responses are generally less than 0.005.  CNY 
and HKD did not react during the post-Crisis period at all. 
The patterns of shock transmissions are quite similar among IDR, PHP, MYR 
and KRW, mainly because together with THB they suffered most during the upheaval.  
Although SGD is a member of ASEAN, in the same vein as most of the non-ASEAN 
currencies after the Asian Financial Crisis, it was less influenced by THB. 
Figure 6.9 plots the impulse response patterns for two pairs of economically and 
geographically proximate countries, namely, AUD and NZD, and SGD and MYR.  A 
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shock in AUD would have a greater impact on NZD during both periods when 
compared to the effect of a shock in NZD on AUD.  This demonstrates the asymmetric 
relationships among economically and geographically proximate countries.  Similar 
conclusions can be made in the case of SGD/MYR where a shock to SGD produces 
immediate responses from MYR, though SGD reacts with a one-month lag in response 
to MYR's.  In summary, there is an increasingly contagious relationships among 
currencies in the Asia Pacific after the Asian Financial Crisis in that there are more 
pronounced responses and the fact that it takes longer to digest the shocks. 
 
6.3   Summary 
The empirical results generally support H1, H2 and H4.  The cluster analysis 
indicates a relatively high degree of similarities among PHP, MYR and THB, between 
SGD and HKD, and between NZD and AUD.  ASEAN currencies contribute greatly in 
explaining the variance of currencies inside ASEAN, particularly MYR, SGD and IDR.  
This supports H1 which states that geographically and economically linked countries 
should demonstrate a high degree of linkage due to currency pressures. 
In the cluster analysis, the difference in the structure is extracted by comparing 
the dendrograms for the pre-Crisis and post-Crisis periods.  The negative cophenetic 
correlation value additionally provides evidence that there are structural changes in the 
currency linkages when the financial problems were exposed.  The increasing number 
of Granger causality relationships among currencies and the fact that greater portions 
of innovations in currencies are explained by other currencies indicate that affinity 
among the currencies has increased after the Asian Financial Crisis. 
The Granger causality analysis and variance analysis also demonstrate that the 
interrelationships among the currencies are not symmetric.  For example, KRW has 
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significant Granger effects on PHP, MYR, IDR, SGD, HKD and CNY, but is Granger 
caused by only THB and CNY.  In the variance decomposition analysis, AUD explains 
25.94% of innovations in NZD, while NZD explains only 0.58% of the innovations in 
AUD. 
Among the 11 currencies, JPY is least contagiously affected by other currencies, 
which is in accordance to its status as the second largest economy in the world. 
The shock transmission studies affirm that a shock to an ASEAN currency would 
provoke strong reactions from ASEAN and Northeast Asia after the Asian Financial 
Crisis, thereby suggesting the existence of closer linkages within ASEAN, and 
between ASEAN and Northeast Asia. It is also worth noting that KRW displayed 
shock response patterns similar to those by the ASEAN-4 grouping (THB, PHP, MYR 




Chapter 7   Conclusions 
7.1   Key Findings and Policy Implications 
From time to time, countries in Asia Pacific have resorted to intervention in the 
exchange markets by adjusting interest rates and manipulating foreign reserves when 
the prevailing or trending nominal exchange rates are not welcomed.  These three 
events – interest rates adjustments, foreign reserves adjustments, nominal exchange 
rate fluctuations – can be combined into a composite index known as the exchange 
market pressure (EMP) index in order to capture the major impacts on currencies for 
understanding how the different exchange markets are linked.  Instead of examining 
just the nominal exchange rates, as a methodology, the EMP should be used as it 
provides a more realistic picture about currency linkages, especially in the case of 
Asian currencies. 
As a result of the Asian Financial Crisis, there has been great interest in detecting 
the contagion effect among Asian currencies and in exploring the existence of 
structural differences before and after the Asian Financial Crisis.   Based on the data 
for this research – February 1989 to January 2002 – it has been demonstrated through 
the EMP technique, that geographically proximate and trade- and investment-linked 
economies tend to experience similar currency pressures, for example, the group of 
ASEAN currencies and the pair of AUD and NZD.  The currencies in Asia-Pacific 
region are typically non-symmetrically linked and exhibit an evidence of a structural 
change in their interrelationship from pre- to post- the Asian Financial Crisis which 
compels them to be more closely linked. Although currencies in this region increase 
their contagious linkage after the Asian Financial Crisis, JPY shows the contrary. In 
fact, JPY has become less affected by shocks to other currencies after the Asian 
Financial Crisis. 
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The analysis based on the EMP index has an important policy implication in 
respect of monetary arrangements.  Asia Pacific countries with common or shared 
currency-related pressures should consider some form of cooperation in order to 
fracture the contagion effect, especially that which would have caused devaluations.  
One clear consequence of the Asian Crisis has been the increased connectivity among 
ASEAN currencies and between ASEAN and Northeast Asian currencies.  Except for 
CNY and HKD, shocks to THB sparked off significant and immediate responses from 
other currencies, especially PHP, IDR, MYR, SGD and KRW.  The implication is 
clear: in order to maintain stability of regional currencies, the region must collaborate 
with each government in defending their regarding currency. 
After the Asian Financial Crisis, currencies took more time (between 9 to 16 
months) to digest shocks from other currencies.  With such increases in the spillover 
effects, it may be imperative to devise multilateral or regional currency cooperation.  
 
7.2   Limitations  
As with most empirical research, one limitation of the study is limited data for 
the econometric tests. Since macroeconomic data such as interest rates and foreign 
reserves are needed for constructing the EMP indices, the eventual sample size is much 
smaller than ideal.  Monthly data from February 1989 to January 2002 provide only 
156 observations, with 101 observations before the Asian Financial Crisis and 55 
observations after the Asian Financial Crisis.  The small sample size could affect the 
robustness of the vector autocorrelation analysis (VAR) because only a few lags could 
be used in order to establish the singularity for the model.  
Another limitation is in the construction of EMP indices.  The key concern is the 
assignment of weights to the three component measures – exchange rate, foreign 
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reserves, and interest rate.  In this study, the most popular method is followed which 
assigns weights basing on variance, although it could be argued that if the elasticities 
of exchange rates with regards to changes in interest rate and foreign reserves could be 
developed that the coefficients of the elasticities would be a better substitute. 
 
7.3  Conclusions 
This thesis uses the EMP index which consolidates measures on the interest rates, 
exchange rates and foreign reserves to explain the experiences of the Asian exchange 
markets in the aftermath of the July 1997 Crisis.  Taking into account the frequent 
government interventions in the exchange markets, the EMP index used in this 
research provides a better understanding of the currency pressure linkages among the 
11 Asia Pacific currencies.  The objective is to extract some evidence of the 
relationships among these currencies that would provide some supports for a more 
collaborative and integrated set of monetary arrangements for the region. 
 This study finds that currencies from economies with strong trading and 
investment ties tend to experience similar pressures, forcing them to be more closely 
linked.  After the Asian Financial Crisis, the Asia-Pacific currencies have become 
more interconnected.  ASEAN currencies not only have become more intertwined 
among themselves but are also more closely linked with currencies from Northeast 
Asia.  In addition, the transmission of shocks to currencies has become more 
widespread and takes more time for them to digest.  This suggests the existence of a 
contagion among them.  In order to stabilize currencies and competitiveness of the 
region, it may be essential to strengthen intra-regional cooperation. 
Although there are vast differences in the economic development and political 
systems in the Asian region, the idea of a stronger Asian cooperation and a common 
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Asian currency is in the right direction. The Asia Financial Crisis also shows that 
currencies in this region are vulnerable to speculative attacks. In fact, East Asian 
countries are acting currently to intensify regional financial cooperation by expanding 
their currency swap arrangements under the Chiang Mai Initiative and are taking 
another hard look at the creation of an Asian Monetary Fund (Ngiam, 2002). 
It took Europe twenty years from the initial idea of cooperation to the formal 
launching of Euro. During the process, numerous researches on monetary cooperation 
have been conducted. Applying similar idea to Asia is by no mean a less complicated 
issue. Considering the huge differences between Europe and Asia, we don’t expect 
Asia to follow exactly the same way taken by Europe. Among all those steps toward 
appropriate monetary arrangement in Asia, identifying the true relationship among 
those currencies is one small but inevitable step. And this thesis is an attempt in 
exploring the relationship among the Asian currencies. It is expected that there are 
much more to be done in this area, with regard to what co-operations are applicable 
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